Key indicators: single-crystal X-ray study; T = 150 K; mean (C-C) = 0.005 Å; disorder in main residue; R factor = 0.034; wR factor = 0.068; data-to-parameter ratio = 28.8.
Related literature
For references related to the synthesis of the 'GaBr' precursor and to cluster formation, see: Schnoeckel (2010); Steiner et al. (2004) . For other Ga-Ga containing compounds, see: Baker et al. (2003) (the analogous digallium tetraiodide compound); Uhl et al. (1989) [the first-reported Ga(II) dimer compound].
Experimental
Crystal data [Ga 2 Br 4 (C 12 H 23 P) 2 ] M r = 855.63 Monoclinic, P2 1 =n a = 9.6095 (11) Å b = 13.7083 (16) Å c = 13.3305 (16) Å = 109.177 (2) V = 1658.6 (3) Å 3 Z = 2 Mo K radiation = 6.55 mm À1 T = 150 K 0.36 Â 0.27 Â 0.19 mm
Data collection
Bruker SMART APEX2 CCD areadetector diffractometer Absorption correction: multi-scan SADABS (Sheldrick, 1996) T min = 0.185, T max = 0.288 24854 measured reflections 4842 independent reflections 4253 reflections with I > 2(I) R int = 0.021 Refinement R[F 2 > 2(F 2 )] = 0.034 wR(F 2 ) = 0.068 S = 1.00 4842 reflections 168 parameters 60 restraints H atoms treated by a mixture of independent and constrained refinement Á max = 1.88 e Å À3 Á min = À0.94 e Å À3 Table 1 Selected geometric parameters (Å , ).
Symmetry code: (i) Àx þ 1; Ày; Àz þ 1.
Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT (Bruker, 2010); data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XSHELL (Bruker, 2010); software used to prepare material for publication: APEX2.
Ga 2 Br 4 (PHCy 2 ) 2 exhibits 1 symmetry in the solid state, with a Ga-Ga distance of 2.435 (1) Å, but virtual C 2h symmetry in solution. The Ga-Br1 and Ga-Br2 distances are 2.3612 (5) and 2.3807 (5) Å, respectively; the Ga-P bond is 2.415 (3) Å. The Br-Ga-Br angle measures 107.30 (2)°.
The overall structure of Ga 2 Br 4 (PHCy 2 ) 2 is in close agreement with that of the Ga 2 I 4 (PHCy 2 ) 2 analogue reported by Baker et al. (2003) . In Ga 2 I 4 (PHCy 2 ) 2 the Ga-Ga bond is 2.437 (1) Å; the Ga-P bonds average 2.424 (2) Å. The I-Ga -I angle in the iodo analogue is 110.07 (3)°.
The Ga-Ga distance in Ga 2 Br 4 (PHCy 2 ) 2 (2.435 (1) Å) is shorter than the 2.54 (1) Å Ga-Ga distance in the trigonal planar Ga(II) compound Ga 2 (CH(TMS) 2 ) 4 (Uhl et al. 1989 ). The Ga-Br distances in Ga 2 Br 4 (PHCy 2 ) 2 (2.370 (10) Å) are slightly shorter than the Ga-Br distances (2.4246 (22) 
Experimental
Ga 2 Br 4 (PHCy 2 ) 2 : Dicyclohexylphosphine (2.5 mmol, 5 g of a 10% w/w solution in hexanes) was dissolved in toluene (5 ml). The solution was cooled to -78 °C and a cold (-78 °C) solution of GaBr(THF) n (6.05 ml of a 380 mM solution in toluene:THF 3:1) was added. The resultant orange solution was stirred at -78 °C for 2 h, after which it was heated to 80 °C for 19 h. The resulting dark-brown solution was cooled to room temperature, the solvent removed in vacuo and the black residue dissolved in toluene (50 ml). The dark-brown solution was separated from the grey powdery residue via cannula filtration, concentrated, and cooled to -20 °C. After 7 d, colorless crystals of Ga 2 Br 4 (PHCy 2 ) 2 formed (40 mg, 0.047 mmol, 4% yield). 1 
Refinement
One of two symmetrically independent cyclohexyl groups (C11-C16) appeared to be split in two parts tilted from each other by about 8°. The disorder of this group was refined as following: the geometry of both parts was restrained to be similar; the atomic displacement parameters (adp) were set to be the same for the same atoms in both parts, while the adp for the one cyclohexyl group was restrained to rigid-body motions and the adp were restrained to reasonable anisotropy. supplementary materials sup-2 . E68, m1245
Total number of restraints used was 60. The occupancy of both parts was refined to be in a 0.62 (1) to 0.38 (1) ratio. H atoms were treated by a mixture of independent and constrained refinement.
Computing details
Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT (Bruker, 2010); data reduction: SAINT (Bruker, 2010); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XSHELL (Bruker, 2010); software used to prepare material for publication:
APEX2 (Bruker, 2010).
Figure 1
X-ray crystal structure of Ga 2 Br 4 (PHCy 2 ) 2 viewed along C2 axis. Bromine = brown, carbon = black, gallium = green, hydrogen = white, phosphorous = orange. Thermal ellipsoids shown at 50% probability; all non-phosphine hydrogen atoms removed for clarity. Non-labeled atoms are related to labeled atoms by inversion symmetry.
Tetrabromidobis(dicyclohexylphosphane-κP)digallium (Ga-Ga)
Crystal data [Ga 2 Br 4 (C 12 H 23 P) 2 ] M r = 855.63 Monoclinic, P2 1 /n Hall symbol: -P 2yn a = 9.6095 (11) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Occ. (<1) Ga1 0.43950 (3) 0.06462 (2) 0.53291 (2) 0.02724 (7) 
Geometric parameters (Å, º)
Ga1-Br2 2.3612 (5) C15-H15A 0.9900 Ga1-Br1 2.3807 (5) C15-H15B 0.9900 Ga1-P1 2.4164 (7) C16-H16A 0.9900 Ga1-Ga1 i 2.4353 (6) C16-H16B 0.9900 P1-C21 1.824 (3) C21-C22 1.526 (4) P1-C11A 1.83 (2) C21-C26 1.527 (4) P1-C11 1.837 (13) C21-H21 1.0000 P1-H1 1.31 (3) C22-C23 1.523 (5) C11-C16 1.516 (7) C22-H22A 0.9900 C11-C12 1.535 (6) C22-H22B 0.9900 C11-H11 1.0000 C23-C24 1.506 (6) C12-C13 1.534 (7) C23-H23A 0.9900 C12-H12A 0.9900 C23-H23B 0.9900 C12-H12B 0.9900 C24-C25 1.527 (6) C13-C14 1.512 (10) C24-H24A 0.9900 C13-H13A 0.9900 C24-H24B 0.9900 C13-H13B 0.9900 C25-C26 1.537 (4) C14-C15 1.499 (9) C25-H25A 0.9900 C14-H14A 0.9900 C25-H25B 0.9900 C14-H14B 0.9900 C26-H26A 0.9900 C15-C16 1.536 (7) C26-H26B 0.9900
